The serum and urine samples were stored at −70°C until nephropathies [5] [6] [7] 12] . Changes in serum and urinary analysed. concentrations of type IV procollagen have also been
The approval of the Ethics Committee of the Northern reported in particular in patients with glomeruloGeneral Hospital Trust was obtained for the study as the nephritis [6 ] . In diabetic nephropathy, it has been patients and their controls were required to give an additional suggested that a rise in urinary concentration of type IV blood sample. Patients and controls were informed of the collagen and urinary laminin reflect early microangi-purpose of the study and gave their written consent. opathy including diabetic nephropathy [7] . An increased synthesis of type I and III collagens in renal Methods transplant recipients has been postulated in view of raised circulating levels [13 ] . However, most of these ELISA methods were used for the measurement of urine studies neglected to correlate the changes in body fluids fibronectin and collagen IV as well as serum collagen IV. concentration of ECM components with tissue levels. Serum fibronectin was measured by a turbidimetric assay.
We have measured a wide range of circulating and Radioimmunoassay methods were used for collagen III analyses of the serum and urine samples.
urinary ECM including collagen III and IV as well as fibronectin in patients with a variety of nephropathies who have undergone a renal biopsy. This has allowed Assays us to correlate the value of these measurements with bodies and had horseradish peroxidase endpoints. The fibronectin ELISA was adapted from a previously described method [14] . The ELISAs were carried out in
Material and methods
96-well maxisorp immunoplates (Nunc) and the peroxidase substrate was 0.5 mg/ml o-phenylenediamine dihydrochloride (OPD) (Sigma, UK ) in 0.05 M citrate buÂer pH 4.6 with Patients 0.1% v/v urea hydrogen peroxide (Sigma). Immunoplates were pre-coated overnight at 4°C with either goat antiForty patients with a range of nephropathies, from whom a renal biopsy was obtained part of their clinical investigation, human fibronectin (Sigma) or rabbit IgG anti-human collagen IV ( ICN Biomedicals). The remainder of the were evaluated prospectively. The histopathological diagnoses of the patients were membranous glomerulonephritis fibronectin ELISA was performed at room temperature with an incubation duration of 1 h being standard. Urine samples ( MN) (n=10), mesangioproliferative glomerulonephritis ( MPGN ) (n=6 ); three of these patients had mesangial were diluted 1510 and 15100 and assayed in triplicate. A serial dilution of pure human fibronectin ( Boehringer deposits of IgA suggestive of an IgA nephropathy, mesangiocapillary glomerulonephritis ( MCGN ) (n=6 ), tubulo-Mannheim, UK) was included in each assay. The plate was washed twice and incubated with rabbit IgG anti-human interstitial nephritis ( TIN ) (n=8), and end-stage renal disease ( ESRD) (n=10). All these patients had normal liver fibronectin (Becton Dickinson) dilution 151000. Following another two washes, horseradish peroxidase conjugated goat function tests. Fifteen age-matched healthy volunteers were also analysed as a control group for serum and urine studies. IgG anti-rabbit IgG (Cappel ) was added. After further washes, the substrate was added. The enzyme action was Clinical characteristics of the patients and the control group are shown in Table 1. allowed to proceed for~15 min before 50 ml of 2 M sulphuric acid ( BDH) was added to the contents of the plate in order At the time of renal biopsy blood and urine samples were collected from the patients. For analysis of the extracellular to terminate the reaction before the optical density at 492 nm wavelength was measured. The intensity of the coloured matrix related metabolites the blood was clotted at room temperature before separating the serum by centrifugation. product was read spectrophotometrically using a Labsystems Type III collagen and renal fibrosis 1885 automated plate reader that was linked to a PC running in glycergel ( Dako Patts). Control sections were incubated with non-immune gamma globulin. Control sections also Genesis software.
To run the collagen IV ELISA, pre-coated immunoplates included kidney biopsy material from patients with minimal change nephropathy (n=2), the healthy pole of a uninephrecwere washed twice with Tween/phosphate buÂered saline ( TPBS ) then blocked for 1 h with 150 ml per well of blocking tomy specimen for hypernephroma (n=3) and a biopsy from a renal allograft prior to transplantation. solution, and washed twice with 150 ml TPBS. Prior to running the collagen IV ELISA, urine samples were dialysed Immunohistochemical staining was quantitated by point count analysis. (see below). against PBS for 2 days and then concentrated to 35% of their original volume using a Genevac SF50 centrifugal
The primary antibodies used were: evaporator. Dialysed and concentrated urine samples or 1. Rabbit anti-human fibronectin antibody (Dakopatts unprocessed serum samples, together with a standard curve A/S Denmark) to human placental collagen IV (Sigma) diluted in PBS, were 2. Goat anti-human collagen I antibody (Southern applied to the plate in triplicate. The plate was covered and Biotechnology, Europath, UK ) stored overnight at 4°C in order to maximise the amount of 3. Goat anti-human collagen III antibody (Southern immobilized antigenic collagen IV. The plate was emptied Biotechnology, Europath, UK ) and washed twice with TPBS before being incubated for 2 h 4. A monoclonal anti-human collagen IV antibody with monoclonal mouse IgG 1 anti-human collagen IV (Dakopatts A/S Denmark) (Sigma) diluted 151000 in TPBS. This monoclonal antibody recognizes an epitope on the a1 and/or a2 chains of collagen Kidney sections were processed for light microscopy type IV [15] . Following another two washes with TPBS the (haematoxylin & eosin, periodic acid-schiÂ (PAS ) and immobilized dual antibody/antigen complex was labelled by Masson's trichrome stain), electron microscopy and immuno-1-h incubation with horseradish peroxidase conjugated goat fluorescence staining. anti-mouse IgG (Calbiochem). After further washings, the substrate was added. The chromogenic enzyme action was terminated after 20 min by addition of 50 ml per well of 2 M Morphometric analysis of histological and sulphuric acid (BDH ) and the optical density of the plate at immunohistochemical parameters 492 nm wavelength was read.
The extent of histological scarring as well as immunohistoRadioimmunoassays chemical staining was determined by morphometric analysis relying on point counting [19] . Point counting analysis was The amino terminal propeptide of type III procollagen used for the scoring of interstitial scarring and staining. ( PIIINP) was measured by a commercial RIA kit (Orion Renal biopsies were viewed down a light microscope with a Diagnostica, Finland) [16 ] . In this assay, the anti-PIIINP ×20 flat field objective. A squarred lattice of 25 points with antibody detects both large forms and small degradation a total surface area of 0.016 mm2 was superimposed on to products of the antigen. This is an equilibrium assay based the tissue and the data collected from the adjacent fields on polyclonal antibodies against the human amino-throughout the length of the biopsy specimen. Points falling propeptide of type III procollagen, a 44 kDa trimeric protein on abnormal structures or stained tissue were recorded and [ 16 ] . The intra and interassay coeÃcients variations were compared to the total number of points ( 300, assuming an 4.3% and 4.0% respectively. average of fields counted to be around 12) falling on the structures with the results expressed as percent.
Other measurements
A semiquantitative scoring system (scale 0-4) was used for grading of the glomeruli. For each biopsy at least 10 Serum fibronectin was measured by turbidimetric assay on glomeruli (range 10-40) were evaluated by an observer Roche Mira plus using Unimate 3 fibronectin ( Roche, Basel, blinded to the identity of the samples. For glomerular ECM Switzerland ) [17] .
components (collagens I and III), scoring was as follows: Blood chemistry including the blood urea nitrogen, creatin-0=no staining, 1+=staining aÂecting<25% of the glomerine, AST, ALT, biluribin, alkaline phosphatase, were meas-ular tuft, 2+=25-50% of glomerular tuft showing segmental ured by a standard autoanalyser (Monarch 2000, staining, 3+=staining of 50-75% of the glomerular tuft, Instrumentation Ltd, UK). Urine protein was measured 4+=staining>75% of the glomerular tuft. quantitively by Biotrol reagent (Biotrol, USA).
For collagen IV and fibronectin which are normally present along the glomerular basement membrane (GBM) a score of 1 was given for the normal weak staining, a score of 2
Immunohistochemistry was given to a diÂuse increase in GBM staining, a score of 3 if there was additional segmental increase in immunoreacFor light microscopy (LM ), formalin fixed specimens were tive stain aÂecting<50% of the tuft and a score of 4 when processed according to standard techniques. The detection that staining exceeded 50%. of ECM proteins (fibronectin, collagen I, collagen III, collagen IV ) relied on immunohistochemistry based on an avidin-biotin-peroxidase method [18] . Dewaxed, dehydrated sections were quenched with 0.3% H 2 O 2
in methanol for Statistical analysis 20 min to inhibit endogenous peroxidase activity, after washing with phosphate buÂered saline ( PBS), incubated in a Results are expressed as mean±standard deviation (M±SD). Comparisons between and within groups were microwave and then treated with either ficin or trypsin for diÂerent antigens. Then the standard ABC technique ( Vector made by one way analysis of variance (ANOVA). A statistics package SPSS+PC was used to determine correlations ABC Elite staining kit, Peterborough, UK ) was used for staining. Sections were counterstained with dilute ( 1510) between variables. A P value of<0.05 was considered significant. haematoxylin (Shandon Southern Ltd, UK ) and mounted collagen IV did not correlate with parameters of renal Results scarring and fibrosis. Renal interstitial immunoreactive fibronectin showed a good correlation with the Fibronectin interstitial fibrosis score as well as with interstitial No significant diÂerence was between the whole patient collagens III and IV ( Table 4) . group and the control group for either serum and urine fibronectin ( Table 2 ). The highest urine fibronec-Amino-terminal propeptide of type III procollagen III tin excretion was noted in patients with membranous (PIIINP) nephropathy. Weak immunoreactive fibronectin was detected in the glomeruli and interstitium of control Serum and urinary PIIINP levels were higher in patients with nephropathies compared to the controls kidneys. By contrast, an increase in interstitial, and to a lesser extent glomerular, fibronectin was detected in (Table 2 ) . Of interest, patients with tubulo-interstitial nephritides had the higher levels of urinary PIIINP the biopsies of patients with severe tubulointerstitial fibrosis and glomerulosclerosis respectively ( Table 3) . (Table 2 ). Type III collagen immunoreactivity was detected within the interstitium of normal kidneys. By Urinary fibronectin correlated positively with the severity of proteinuria ( Table 4 , correlation matrix). It contrast, collagen III could not be detected in control glomeruli (Figure 1a ). An increase in interstitial immualso correlated with the amount of collagen IV excreted in the urine. However, circulating and urinary noreactive collagen III was noted in diseased kidneys Abbreviations as in Table 1 . Col=collagen, FN=fibronectin, S=serum, U=urine. *=P<0.05, **=P<0.01 comparing the total patients group and total controls. Also included are the interstitial fibrosis and glomerulosclerosis scores (Masson trichrome stain). ( Mean±SD with range given between brackets). Abbreviations as in Tables 1 and 2 . *=P<0.05 comparing the total group to the control group. Table 4 . Correlation matrix for extracellular matrix components (glomerular/Gl, interstitial/IT, and urinary/U ) and the patients biochemical and histological parameters Table 3 ). Of interest, we noted the appear-urinary levels of collagen IV and serum creatinine (Table 4 ) . Circulating or urinary collagen IV did not ance of collagen III immunoreactivity within sclerotic glomeruli (Figure 1b ) . correlate with parameters of renal fibrosis ( Table 4 ) . On the other hand, the amount of interstitial Serum and urinary PIIINP levels did not correlate with renal function (serum creatinine, Table 4 ). Good collagen IV correlated closely with the severity of interstitial fibrosis ( Table 4 ) . correlations were noted between serum and urine collagen III and the severity of renal fibrosis.
Circulating and urinary PIIINP correlated positively Discussion with the interstitial fibrosis score as well as the amount of renal interstitial collagen III and IV ( Table 4) . The
This study confirms previous observations relating to predictive value of serum and urine PIIINP for renal changes in circulating and urinary components of ECM interstitial immunoreactive collagen III was good in renal diseases [5] [6] [7] 13] . The rise we detected in (serum PIIINP: r2=0.24, P<0.0001; urine PIIINP: circulating levels of the amino-terminal propeptide of r2=0.21, P<0.0002). These correlations were not type III procollagen (PIIINP) is consistent with the aÂected by whether the results of urinary PIIINP were observations made by others in a variety of chronic expressed per unit of urine volume (ml ) or per unit of nephropathies [5, 12] . Similarly, we confirmed an assocreatinine excreted (mmol/l ).
ciation between raised serum collagen IV and renal Glomerular collagen III content reflected the severity diseases [6 ] . However, in view of the small number of of glomerulosclerosis (r=0.58, P<0.01) while interour diagnostic subgroups, it is diÃcult to ascertain stitial collagen III correlated with interstitial fibrosis whether this rise is more significant in patients with ( Table 4 ) . glomerulonephritis. Our data also substantiate the assertion that the changes in circulating levels of ECM Collagen IV components are not solely the reflection of renal insuÃciency and their decreased urinary excretion as Circulating and urinary levels of collagen IV were significantly higher in patients when compared to there was no correlation between these levels and renal function [5, 6] . controls ( Table 2) . Similarly, glomerular and interstitial immunoreactive collagen IV increased with renal
The significance and originality of our findings center around our simultaneous evaluation of the changes in scarring ( Figure 2a and b, Table 3 ).
No correlation was observed between serum and ECM within the scarred kidneys. This has confirmed previous observations of an increase in immunoreactive cells may lead to increased urinary excretion. Surprisingly, we did not observe similar correlations collagens I, III and IV within the interstitium of scarred and fibrotic kidneys [2] . It also confirms the appear-between circulating/urinary collagen IV and their tissue counterpart in spite of the fact that they were both ance of interstitial, type I and III, collagens within sclerotic glomeruli [2] . Of interest, we have shown that raised.
The correlation we observed between circulating and the rise in circulating and urinary PIIINP correlated closely with their renal interstitial counterpart. This urinary PIIINP may suggest that the latter reflects an increased filtration of the former in patients with renal gives considerable support to previous assumptions that the increase in circulating PIIINP reflected renal disorders. This is unlikely as in normal individuals and in experimental animals, previous observations failed fibrosis [5, 12] . It is consistent with the role of this collagen in interstitial fibrosis. Our observation also to show a renal arteriovenous extraction of the intact PIIINP molecule [20, 21] . Instead, in vivo studies draws attention to the value of urinary PIIINP levels. This parameter proved to be equally, if not more showed that the liver was the main site of clearance of the intact preprocollagen III amino-terminal peptide eÂective in predicting renal interstitial fibrosis and the amount of collagen III deposited in the kidney. The [20, 21] . However, studies undertaken in the pig show some renal extraction and degradation of smaller correlation between circulating and urinary PIIINP levels was significant with interstitial type III collagen PIIINP fragments [21] . Therefore, increased filtration of PIIINP by scarred glomeruli and/or a decreased and fibrosis but not with glomerulosclerosis or its content of collagen III. This suggests that it is the degradation of this peptide or smaller degradation fragments by diseased tubules cannot be excluded. For interstitium collagen III which is at the origin of the circulating and urinary changes in PIIINP. Of interest, collagen IV, previous studies also suggested a dissociation between circulating and urinary levels of the the highest urinary PIIINP levels were observed in patients with interstitial nephritides with the associated non-collagenous (NC1) fragment as the molecular weight of the urinary molecules was higher than the inflammatory infiltrate. This may suggest that the breakdown of renal interstitial collagen III by colla-serum counterparts [6 ] .
The future diagnostic value of our observations can genolytic enzymes released by infiltrating inflammatory
